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ABSTRACT
The protection and management of shared water resources requires cooperation across political
borders and between sectors. It requires commitments from regional partners and a coordinated
science strategy to make informed decisions based on the best data and information available.
The Great Lakes-St. Lawrence River region, with about twenty percent of the world’s surface
freshwater, provides a model for the regional management of large shared water resources.

INTRODUCTION
The protection and management of water resources shared among multiple
jurisdictions and a diverse group of stakeholders is a complex undertaking that requires
cooperation across political borders and between sectors. It involves strong commitments from
regional partners and a coordinated science strategy to make informed decisions based on the
best data and information available. With its long history of international and multijurisdictional cooperation, the Great Lakes-St. Lawrence River region (region) provides an
example of how large shared water resources can be proactively managed. The Great Lakes-St.
Lawrence River Basin (Basin) holds approximately twenty percent of the world’s surface
freshwater and about 84 percent of the United States’ surface freshwater. The five Great Lakes
(Superior, Michigan, Huron, Erie and Ontario) provide drinking water for 36 million people and
support industry, agriculture, and a world-class fishery and ecosystem. The Basin spans more
than 1,200 miles from Duluth, Minnesota to Trois-Rivières, Québec, and includes parts of eight
U.S. states - Illinois, Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania and
Wisconsin - and the Canadian provinces of Ontario and Québec. The region also includes many
Tribes and First Nations, thousands of municipalities and local governments, and a range of
stakeholders.

Figure 1.The Great Lakes-St. Lawrence River Basin

This paper will outline and describe the governance structure for this collaboration and
its practical application to resource management in the Great Lakes-St. Lawrence River region,
which can serve as a model of cross-border data sharing and cooperation for other regions with
shared water resources.
REGIONAL WATER RESOURCES MANAGEMENT FRAMEWORK
Amid various proposals to divert water from the Basin, the states and provinces recognized the
need for a new regional management paradigm. The Great Lakes Governors and Premiers
signed the Great Lakes Charter in 1985. The Charter was the first regional water management
agreement for the Great Lakes. As a good faith agreement, it did not hold the legal standing to
require the states and provinces to comply and, as a result, the various jurisdictions did not
consistently implement the Charter’s terms. The Charter, however, did establish a framework
for regional collaboration that would eventually lead to the development of a legally binding
agreement. It also called for the creation of a uniform, consistent database of Great Lakes water
withdrawals, diversions and consumptive uses.
Recognizing that future diversions and consumptive uses presented a significant threat
to the environment, economy, and welfare of the region, the Governors and Premiers committed
to establishing stronger protections for the waters of the Basin. The Great Lakes-St. Lawrence
River Basin Water Resources Compact (Compact) is a legally binding interstate compact

among the eight Great Lakes states. It was crafted to ensure the sustainable use of water
resources while confirming that the states retain authority over water use and diversions of
Great Lakes waters. Enacted in 2008, the Compact obligates the states to collectively manage
Great Lakes water resources. The Compact, along with the companion Great Lakes-St.
Lawrence River Basin Sustainable Water Resources Agreement (Agreement), bans diversions
out of the Basin or from one lake watershed to another with strict exceptions, details how the
states and provinces will manage and protect the Basin, and provides a framework for each state
and province to enact laws for its protection. The Compact Council and Regional Body were
created by the Compact and Agreement, respectively, to oversee implementation by the states
and provinces, to resolve disputes, and to set and review Basin-wide objectives. The Council of
Great Lakes Governors serves as secretariat to the Compact Council and Regional Body.
Great Lakes Water Management Initiative
The states and provinces are committed to gather and share water use information to improve
scientific understanding of the waters of the Basin, and to the development of a collaborative
strategy to strengthen the scientific basis for sound water management decision-making. The
science strategy focuses on improved understanding of water use impacts on the basin
ecosystem and the creation of a mechanism by which impacts of water withdrawals may be
assessed; the periodic assessment of these impacts; improved understanding of the role of
groundwater in Basin water resources management; and the development, transfer, and
application of science and research related to water conservation and efficiency. This strategy
also provides the basis for adaptive management.
The mandate for water use data collection
Consistent and accurate water use data are foundational to any water resource assessment
informing regional management decisions. Under the Charter and Compact, the states and
provinces agreed to submit annual water use information to a Great Lakes Water Use Database
Repository. This database is a centralized source of information on all large withdrawals,
diversions (both intra-basin and inter-basin) and consumptive uses of ground and surface water
sources in the Basin.
Since it became operational in 1987, the states and provinces have contributed annual
water use data aggregated at the lake basin level through 2012, totaling 20 years of data. The
database lacks four years of data from 1994 to 1997. At present, the database includes water use
information for the ten Great Lakes states and provinces from 1998 to 2010. However, state and
provincial contributions to the database over years have been uneven due to the lack of staff and
funding. To implement the Compact, the states and provinces recommitted themselves to
providing quality water use data and drafted protocols to ensure that information reported to the
water use database is done so in a common and consistent manner.
Housed by the Great Lakes Commission, the Great Lakes Water Use Database
Repository holds water use data for 9 water use sector (under the Charter regime) and 10 water
use sectors (under the Compact regime). In-stream hydrologic water use is not considered a
withdrawal, and therefore it is optional for the states and provinces to report data for this sector
to the regional database. Each water use sector includes three types of withdrawal records:
Great Lakes Surface Water (GLSW); Other Surface Water (OSW); and Groundwater (GW).
The five Great Lakes and the St. Lawrence River watersheds are numerically coded in the

database. Data submitted to the regional database are provided in either millions gallons per day
(mgd) or million liters per day (mld). The quality of data is provided for each record in terms of
the level of accuracy and the level of aggregation.
Depending on the water use sector, the data aggregated for the regional database were
generated through state and provincial water permitting or registration programs or were
estimated by agency staff. Most states and provinces require withdrawals that exceed 100,000
gallons per day to be regulated. Users that meet the regulation threshold for withdrawals must
report their use annually or monthly to the jurisdiction. In 2012 (the most recent year for which
regional data were reported), the total withdrawal amount for the Basin was 44.3 billion gallons
per day or 167.8 billion liters per day [1].
Consumptive use, defined as the portion of the water withdrawn or withheld from the
Basin that is lost or otherwise not returned to the basin due to evaporation, incorporation into
products or other processes, is usually estimated using consumptive use coefficients. A
consumptive use coefficient is the percentage of water removed from the immediate
environment by evaporation, transpiration, incorporation into products or crops, or consumption
by humans or livestock. For example, irrigation sector tends to consume more water (at 70-90%
of total withdrawal amount) than public water supply (at 10-15% of total withdrawal amount).
Consumptive use is calculated by applying a consumptive use coefficient to the reported
withdrawal amount. The current database framework documents the consumptive use
coefficient used for each water withdrawal record and the percentage of the consumptive use
amount that was determined through actual measurement. In 2012, the total consumptive use
for the Basin was 3,347.68 mgd 12,672.34 mld). At 1,185.62 mgd (4,488.06 mld), Lake Erie
has the largest consumptive use total among the five lake watersheds.
Diversion amounts were reported as a combination of measured and estimated data.
For example, the Illinois Diversion which takes water from Lake Michigan and discharges it
into the Mississippi River watershed, is comprised of three elements: public water supply;
stormwater runoff; and support for control structures for navigation and discretionary diversion
for other purposes such as low flow augmentation and water quality enhancement. The public
water supply and other use data were measured. Stormwater runoff from the diverted Lake
Michigan (673 square mile) watershed was calculated by the U.S. Army Corps of Engineers
and is dependent on the amount of rainfall each year. In 2012, the total diversion from the Great
Lakes-St. Lawrence River Basin was 1,241.05 mgd or 4,697.92 mld. The majority (82%) of this
amount was associated with the Illinois diversion. The states and provinces are not obligated to
report diversions going into the Basin. However, whenever possible, agency staff voluntarily
reports these numbers. Reflected as negative numbers in the regional database, diversions into
the Basin are useful for track and inform any hydrologic assessments. For 2012, the net
diversion for the Basin was -2,599.06 mgd (-9,687.08 mld), meaning that more water is diverted
into the Basin than is diverted out of the Basin.
The tracking and accounting for water use and loss in the Basin is one of many
important data management actions that factors into water resources assessments. The next
section describes how these data are combined with other datasets in assessments to inform
regional water management decisions.

FROM DATA TO REGIONAL WATER MANAGEMENT DECISIONS
Diversion exceptions must meet rigorous exception standard criteria and regional review. Water
withdrawals in the Basin are managed under a decision standard that must meet, among other
qualifications, reasonable use as defined in the Agreement. One of the most fundamental
requirements of the Compact and Agreement is ensuring that new or increased water uses (e.g.,
withdrawals, consumptive uses and diversions) will not result in significant individual or
cumulative adverse impacts.
The states and provinces commit to work collaboratively with one another to assess
cumulative impacts, factor this into decision-making on individual water use and more
comprehensively implement adaptive management measures to deal with them. Specifically,
cumulative impact assessments will inform the review and potential revisions to regional
decision making standards as well as water conservation and efficiency goals and objectives.
The cumulative impact assessment will be conducted for each lake and St. Lawrence River
watershed and for the entire Basin, and will be used for a review of decision making standards
and their application, and for other purposes.
In the cumulative impact assessment, water uses are examined within the context of
the Basin water budget, which is an accounting of water flows into and out of the Basin. Some
of these flows are natural and some are constructed or affected by humans. Withdrawals,
consumptive uses, and diversions are part of the water budget. All of the flows vary from year
to year, either due to natural variability in climate or due to human activities. The first such
assessment, completed in 2013, focused on the 2006-2010 timeframe. For comparative
purposes, longer data sets for flows were presented to provide a historical context for 20062010 data. These longer data sets are from 1948-2010.
Inflows include precipitation, surface water runoff, diversions into some lakes, and
connecting channel flows, except for Lake Superior which does not have an inflowing
connecting channel. Outflows include evaporation, diversions, connecting channel flows, and
consumptive uses. The St. Lawrence River is the outflow for Lake Ontario and the entire Basin.
The cumulative hydrologic effect of consumptive uses and diversions are small
relative to inflows. While inflows fluctuate from 2006-2010, the cumulative hydrologic effect
of consumptive uses and diversions is fairly constant for these annual averages. The specific
contribution made by diversions and consumptive uses at any given point in time or space,
separate and apart from natural variability, is uncertain given the complex hydrologic,
geographic and temporal variability of uses, and other factors. Since diversions and
consumptive uses are small compared to natural flows, their cumulative hydrologic effect on
water levels is likewise small. A small hydrologic effect, however, does not necessarily mean
that there are no cumulative impacts. On the contrary, a small hydrologic effect may still lead to
significant impacts on ecosystems or other water uses depending on the scale or type of impacts
being evaluated. Future assessments will reflect advancements in science, data, information and
assessment methods, and will investigate this distinction further.
UNCERTAINTY, CLIMATE CHANGE, AND ADAPTIVE MANAGEMENT
Significant uncertainly exists in all components of the Basin water budget. Runoff, evaporation
from the lake surfaces, and precipitation on the lake surfaces are all calculated using models
that compute watershed values from point data. No data exists, however, for many areas within
the Basin and each watershed. For instance, 34 percent of the Lake Huron watershed has no

streamflow gauges, and runoff from this area is estimated from nearby gauges. Additionally,
precipitation on the surfaces of the Lakes is calculated almost entirely from precipitation gauges
that are near, but not on, the Lakes. The amount of uncertainty associated with various
components of the water budget is difficult to quantify, but, may range from 15-35 percent for
runoff, 15-45 percent for precipitation on the Lake surfaces, and 10-35 percent for evaporation
from the Lake surfaces, as found in Neff, et al. [2].
Consumptive use data also includes significant uncertainty. As mentioned above,
consumptive use is seldom measured directly. In most cases, consumptive use is calculated
using a coefficient that represents a percentage of water consumed for a particular category,
such as domestic use, industrial use or irrigation. Each category has a wide range of reported
values in the literature, and an average value for a category is generally used. Each of the states
and provinces make independent decisions regarding the application of consumptive use
coefficients when they report consumptive use data to the regional database.
Uncertainty in the Basin water budget components is much larger than total
consumptive uses. For example, total runoff to the Basin in 2008 was 259,888 cfs. Assuming a
15 percent uncertainty, the amount of calculated runoff may be off by over 38,000 cfs. In
comparison, consumptive use in 2008 was only 3,016 cfs. As a result of this, the hydrologic
effects of consumptive uses on flows and water levels are dwarfed by uncertainties in the
natural inflows and outflows [3].
In addition to the uncertainty in the measurements of Basin water budget components,
climate change can increase uncertainty of water budget components further. For example,
some climate change models forecast higher lake temperatures and increased evaporation which
could in turn result in lower lake levels or increased draught conditions during the summer.
As a result of this uncertainty, the quality and quantity of data and information
regarding Basin conditions will be imperfect. The regional water management framework
incorporates an adaptive management approach, in which monitoring and evaluation inform
decision-making, to address this uncertainty [4] [5].
FUTURE WORK
The states and provinces are committed to improving the analyses and the associated data and
information needed to inform regional water management decisions. Starting with the
cumulative impact assessment, the initial assessment formally enumerated the necessary
datasets and identified obstacles to data integration, and has created the foundation for future
work to standardize procedures for transferring and integrating data from these various agencies
to a central data clearinghouse. To that end, the cumulative impact assessment process will be
automated by developing a web dashboard to serve as a regional data clearinghouse, and the
procedures to automatically migrate data from various sources. This project builds on state,
provincial, federal, and other existing efforts to streamline the flow of water data produced in
the region.
Once complete, the most recent water budget data compiled by various agencies will
be transferred to the clearinghouse and integrated in order to provide information on the
impacts of withdrawals, diversions, and consumptive uses. This project will improve regional
management and policy decisions by developing an automated process for generating and
making available the required data. More broadly, the dashboard will provide a comprehensive
collection of water budget data for decision makers, researchers and the general public.

Since the water use dataset is foundational to the cumulative impact assessment, the
states and provinces are committed to improving the quality of these data. State and provincial
water data managers meet annually to discuss ways to improve data collection and regional
reporting methodologies. To better measure and track quality of data, these methodologies and
other relevant water use information will be compiled in a metadata template, which will be
submitted to the Great Lakes Commission along with the annual water use data. Improved
water use data will increase understanding of the impact of withdrawals, consumptive use, and
diversions on the water resources of the Basin, and is essential to protecting the Basin into the
future.
A MODEL FOR OTHER REGIONS
The political and legal structure for this collaboration and its practical application to water
resources management serves as a model of cross-border cooperation and data sharing for
regions with shared water resources. It represents a major advancement in regional cooperation
at the watershed scale, and underscores the importance of data and science to policy
development and decision making.
The states and provinces developed the Great Lakes-St. Lawrence River Basin water
management framework over the course of three decades. This regime details how the region
will manage and protect the Basin through an innovative structure that relies on coordinated
actions to be taken by the individual states and provinces within a regional framework. This
approach has earned national and international recognition for enabling the states and provinces
to achieve shared environmental goals while retaining needed flexibility that reflects the
region’s diverse history, geography, and political landscape.
Furthermore, water resources management in the Basin requires the cooperation of
eight states and two provinces, as well as also various federal agencies in two countries, many
Tribes and First Nations, thousands of municipalities and local governments, and a range of
stakeholders including agriculture, industry, and environmental organizations. These groups
work together in recognition of the Basin’s importance to their goals, to the region, and to the
world. Nongovernmental organizations not only provide necessary oversight of implementation
of the Compact and other regional accords, but played a key role in the development of these
agreements. Collaboration across layers of government and between sectors is central to the
continued success of this framework.
Overall, the Great Lakes-St. Lawrence River Basin water management framework includes
several key features that can be instructive for other regions with shared water resources:
 Legal framework established through inter-jurisdictional and cross-agency agreements
that sets regional water management goals. A legally binding agreement may
encourage better participation among the jurisdictions.
 Institutional framework and dedicated funding to operationalize it (e.g. a secretariat).
A regional secretariat can broker discussions among the jurisdictions as well as
facilitate associated regional water management initiatives. Without this coordinative
role, the framework may not be implemented with uniformity across the region.
 Collaborative and coordinated data collection, sharing, and integration to inform
assessments and decision making
 A regional science strategy to outline a process to improve the understanding of the
water resource, including appropriate data collection and reporting methods.



Information technology tools to support management decisions and inform the public.
Interactive online tools that make data retrieval and visualization dynamic are helpful
in understanding shared water resources.

CONCLUSION
The protection and management of shared water resources requires cooperation across political
borders and between sectors. It requires commitments from regional partners and a coordinated
science strategy to make informed decisions based on the best data and information available. A
sustained effort by all partners to collect and report consistent and reliable data on the region’s
water resources is critical to understanding the human impact on those resources. The Great
Lakes-St. Lawrence River region, with about twenty percent of the world’s surface freshwater,
provides a model for the regional management and data exchange of large shared water
resources.
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